Abstract
Abstract
Variable-angle spectroscopic ellipsometry was used to estimate the thicknesses of all layers within the optical penetration depth of InCaAs-based modulation doped field effect transistor structures. Strained and unstrained InGaAs channels were made by molecular beam epitaxy (MBE) on InP substrates and by metal-organic chemical vapor deposition on GaAs substrates. In most cases. ellipsometrically determined thicknesses were within 10% of the growth-calibration results. The MBE-made InCaAs strained layers showed large strain effects, indicating a probable shift in the critical points of their dielectric function toward the InP lattice-matched concentration.
Introduction
InGa, __., As can be grown epitaxially on InP or GaAs substrates, mostly as a strained layer. At a concentration of x = 0.53, it is lattice matched to InP. This article is a U.S. government work, and is not subject to copyright in the United States. using AlGaAs as the donor layer. Results will be compared with growth-calibration data obtained during the crystal growth.
Experimental details
The structures grown on semi-insulating InP substrates were prepared by MBE at the University of Michigan.
The structures are shown in Fig. 1 Three indium concentrations x were tested: 0.53, 0.65, and 0.70. Nominal channel thicknesses derived from growth-calibration data are shown in Fig. 1 .
Three samples grown by MOCVD at Spire Corporation on semi-insulating GaAs were also tested. The structures are shown in Fig. 2 . The 1 urn buffer is made mainly of iGaAs and is regarded as the substrate for ellipsometry purposes. Growth parameters are given in ref. 8.
The ellipsometric technique used was similar to that described previously [9] . In this work, we minimized the mean square error c as defined in eqn. 
Results and discussion
Results for three indium compositions grown by MBE are given in Table 1 . The thicknesses ti correspond to Fig. 1 . The quality of the fits, as measured by the value of the mean square error, is good. However, two features of these results were unexpected: the very low values of the cap InGaAs layer thicknesses and the negative values for the strained layer thicknesses.
The low values obtained for the cap layers can be explained by the very short growth time of these layers and the accompanying experimental errors, and by possible loss of material due to oxidation.
We found this result for the InGaAs cap layer in all our MBE samples. Another explanation might involve an interface layer between the InAlAs and the cap layer. However, for our structures it is almost impossible to study this interface by ellipsometry.
We already have 4-5 parameters and an interface layer would introduce another parameter. In addition, we already have a high correlation parameter (0.9 or higher) between t, and t,, the cap layer and the InAlAs layer thicknesses respectively. The correlation problem was discussed in refs. 14 and 15. The high correlation between t, and t, means that ellipsometry has difficulty in estimating accurately the value of each one of these two parameters, but the sum t2 + t, is not affected by the correlation.
Results given in In,,,Ga,,,,,As to fit the In, Ga, , As strained-lattice layers for both x = 0.65 and 0.70. The results are given in Table 2 . The quality of the fits is good, and there are no unphysical results for layer thicknesses. Results are also shown in Fig. 3(a) and (b) for the fit given in Table 2 for the x = 0.70 sample. There is a remarkably good fit of the experimental and the modeled data, including the sharp jumps in the values of cos A.
Two comments on the results given in Table 2 will now be discussed.
First comment is with regard to correlations.
The same correlation problem between t2 samples, the range of experimental results is 482-and t, mentioned previously was also observed for the 493 A, even smaller than the range mentioned above. results given in Table 2 . We will now combine the The second comment is with regard to the concentraresults of 
